We present a suite of technologies that can be combined to perform complex highthroughput whole-animal genetic and drug screens. When used in various combinations, these devices facilitate a variety of high-throughput assays using whole animals.
Introduction
Small animal models have become increasingly important for biological discovery, and studies involving the nematode Caenorhabditis elegans (C. elegans KDYH FRQWULEXWHG VLJQL¿FDQWO\ WR WKUHH 1REHO 3UL]HV DZDUGHG LQ medicine or chemistry over the last six years. C. elegans has emerged as a powerful model organism due to the availability of a wide array of species-VSHFL¿F JHQHWLF WHFKQLTXHV DORQJ ZLWK its short development time and ability to grow in minute volumes. Additionally, C. elegans is optically transparent, which allows the use of powerful optical techniques that enable precise cellular and subcellular visualization within the living animal.
Conventionally, researchers manipulate C. elegans manually and use anesthetic to immobilize animals for highresolution imaging, however, this is too slow and error prone for high-throughput studies. We previously GHPRQVWUDWHG WKH ¿UVW KLJK-throughput, on-chip small-animal screening devices enabling assays at cellular resolution [1] . We have since developed techniques that improve these devices by allowing them to immobilize physiologically active animals with very high stability without using either chemical anesthetics or cooling [2] . These devices consist of multiple thin layers of poly(dimethyl siloxane) (PDMS) fabricated by soft lithography. We report here on three devices that, in various configurations, have the potential to significantly accelerate current genetic and drug screens and also enable completely new types of whole-animal assays: A microfluidic small-animal sorter, a multiplexed incubation-chamber chip for performing large-scale time-lapse assays, and a microfluidic interface chip for delivery of compound libraries. When used in various combinations, these devices facilitate a variety of highthroughput assays using whole animals, including forward and reverse genetic and drug screens at subcellular resolution and large-scale studies of neural degeneration and regeneration using femtosecond laser nanosurgery.
Multiplexed incubation chambers and multiwell interterfacing
To perform high-throughput time-lapse studies on small animals we have designed the microfluidic-chamber device shown in Fig. 2a for worm incubation and for continuous imaging at subcelluar resolution. Individual chambers can be addressed using microfluidic valves. The medium in the chambers can be exchanged through the microfluidic channels for complex screening strategies, and precisely timed exposures to biochemicals (e.g., drugs/RNAi) can be performed. An array of posts arranged in a semi-circular configuration permits exchange of media while keeping animals in the chamber. To simplify the delivery of existing large-scale RNAi and drug libraries, we have also GHYHORSHG D PLFURÀXLGic interface device shown in Fig. 2b . This device FRQQHFWV WKHVH PLFURÀXLGLF FKDPEHUV WR large-scale multi-well-format libraries. Minute amounts of individual compounds from standard multi-well plates can thus be routed to other devices, and the connection lines can be automatically washed between samplings.
Applications
The rapid and repeatable immobilization provided by our microfluidic devices enables not only not only highthroughput screening of cellular and sub-cellular phenotypes in whole animals, but also enables the use of highprecision techniques such as femtosecond-laser nanosurgery and multiphoton microscopy on physiologically active animals. Fig. 3 shows images taken on-chip using two-photon imaging and femtosecond laser nano-surgery of the mechanosensory axons in a green fluorescent protein (gfp) labeled animal. We are currently using these devices to investigate the genetic and chemical mechanisms involved in neural regeneration. 
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